(/`.Marti11ez-Rive1'04I. F.Ma1't.i11ez-Vi<lal49, P`.I\'Iat`0r1·as4l, C. The response of the detector to physics processes was modelled using the simulation tracking chambers and from the calorimeters. the resonant depolarisation measurements was applied The result is a value of by the integrated luminosity of each fill, was then calculated and an offset derived from measured magnetic field in a reference magnet. An average of these energies, weighted of mass energy was used for the 1992 data. Each fill was assigned an energy based on the Following the recommendation of the Working Group on LEP Energy [3] a single centre leptonic forward-backward asymmetries at the peak.
systematic errors allow significantly improved determinations of the cross sections and of the resonance. However, the large increase in statistics and the reduction of some close to the Z0 peak and therefore add little to the determination of the mass and width
The analysis of the 1992 data is reported here. All the data were taken at an energy terminations of the Z0 resonance parameters surements of the LEP energy [1] , the DELPH1 collaboration has published accurate de performed at LEP. These data have been carefully analysed and, using the precise mea During 1990 and 1991 energy scans around the position of the Z0 resonance were b`}[,,.,,, + l;` §,,_.,_. < 0.9 E;,E.,,,,. OCR Output the c:+c` channel. For events with i\~",.;,, less than ll, it was required that the forward region, an additional selection was necessary to reduce the background from of the centreeofemass energy. However, because of more efficient track reconstruction in Nd,. was required to be greater than 4 and the charged energy, Em, greater tha.n 12% a polar angle between 200 and l60°. For an event to be accepted, the charged multiplicity.
particle tracks only. These were required to have at momentum greater than 0.4 GeV and in each calorimeter and azimuthal angle of the shower centroid greater than 8° from the As in our previous analysis the selected events had energy greater than 0.65 Ebmm Studies with a single arm trigger showed that the trigger efficiency was essentially 100%. The luminosity measurement in 1992 was based on the Small Angle Tagger (SAT).
llu this paper, hemispheres are clefiuecl by 21 plane perpe11<li<:ul11r to the thrust axis. OCR Output each method. both the electron and the positron were required to be within the range the overall efficiency and to allow a better de1.ermination of systematic uncertainties. ln were similar to those used i11 our previous analysis [2] , but any differences are pointed c+e_, ,u+,u" and T+r_ as well as in the inclusive lepton channel. ln general the techniques the same quantities for the leptonic cross sections, and the leptonic forwardebackward the hadronic cross section of the 1992 data are summarized in Table 1 together with The event samples, acceptances, efficiencies, backgrounds and systematic errors in results [2] , and compared with the 5eparameter fit described in Section 6. vector dominance contributions [10] . Other backgrounds such as p+;f events, beam-gas be 13 i 4 pb based on simulation using a generator including quark-parton, QCD and BABAMC generator [9] to be (0.06 :1: 0.02%). The two-photon background was found to [8] . The background from e+e` final states was estimated from simulation using the T+¢' background was found to be (0.58 :1; 0.05)% using the event generator KORALZ less than 9) to the corresponding ones from simulation of qq, TTT-and e+e` events. The energy, invariant masses per hemispherel) of the selected data for low multiplicities (Nd, T background was estimated by comparing various distributions (e.g. thrust, charged The significant backgrounds are from e+e'-> T+T`, e+e` and two-photon events. The be greater than 99.99%. determined from the data by comparing sets of independent triggers and was found to shower generator [7] with different sets of tuning parameters. The trigger efficiency was tainty was reduced compared to our previous analysis [2] by using the JETSET 7.3 parton The selection efficiency determined from simulation was (95.00 i 0.11)%. The uncer would be rejected. The uncertainty due to this selection is estimated to be ;k0.02%. selected events were rejected, whereas simulation indicates that only 0.04% of e+e"-> qc] sections of the FEMC electromagnetic calorimeter. With this condition about 0.3% of the where E fom and Ebac), are respectively the energies recorded in the forward and backward AQB (s+t) : 0.1177 :1: 0.0069 (stu!.) B; 0.0025 (.sy.st.). OCR Output 440 < H < 1360 was found to be inition and was estimated to be j:0.0011. The e¤;+c' asymmetry in the angular range contribution to the systematic error on the asymmetry was due to the acceptance def charge assigmnents on the asymmetry result were evaluated as being j:0.0022. Another tracks different from two in the TP( `) could be resolved. and the effects of possible wrong ambiguous events (i.e. those having two tracks with the same sign or having a. number of track and the most energetic 11P(` cluster in the same hemisphere. WVith this method the to determine the particle charge. based on the difference in azimuth between the VD mine the forward ebackward asymmetry. In this analysis a new method has been used The sample of events used for the cross section measurements was also used to deter ponent of 0.0038 nb common to the data of 1990 and 1991.
The systematic error does not include the error due to the luminosity and it has a com 0. (s-only) : 0.9182 i 0.0072 (stat.) i 0.0054 (syst.) nb.
section in the angular range 44°< 9 < 136° was found to be programs AL1BABA [11] and TOPAZ0 [12] . After these corrections the s-channel cross be defined by the electron only. Corrections for both effects were computed using the exchange and its interference must be subtracted, and the accepted polar angle must The only significant background in each selection came from T+T` events and was triggers and was found to be greater than 99.99%.
The trigger efficiency was determined from the data by comparing sets of independent independent programs ALlBABA [11] and TOPAZ0 the 4° polar angle region around 90° which amounted to 4.4%, as computed using two the 9 acceptance region. Both efficiencies do not include the loss due to the exclusion of two could be determined from the data, the latter being found to be (97.26 :1: 0.35)% in correction for background, the efficiency of each selection and of the logical OR of the including ionization information from the TPC and the hit patterns in the OD. After HPC and the second using information from the tracking detectors (other than VD),
In method 2, two independent selections were used, one relying on the VD and the azimuthal angle where the HPC has gaps between modules.
in the 0 acceptance region. This loss is mainly due to the fiducial cuts of the regions in events produced using the BABAMC [9] generator and was found to be (89.42 :1: 0.38)% hemisphere. The efficiency of this selection was determined from a sample of simulated hits in the VD consistent with a final state containing at least one charged particle per Events from the reaction e+e" --> 77 were completely eliminated by the requirement of calorimeter (HPC) and low charged multiplicity as indicated by the tracking detectors. ln method 1, the selection relied on large energy deposits in the barrel electromagnetic the electron beam, and the acollinearity was required to be smaller than 10°4 4°< 0 < 136°, where 0 is the polar angle of the particle with respect to the direction of common to the data of 1990 and 1991. The asymmetry. corrected to the full angular OCR Output were found to give an overall systematic error of zh0.00l0. which can be considered as possible angle-edependent momentum acceptances, were determined from the data and arising from asymmetries in the detector, from the measurement of polar angle and from this source. but with a. negligible effect on the asymmetry. Significant systematic errors for the cross section showed that the sample contained (0.14zh 0.05)% background from however these do not bias the asymmetry. A cosmic rav study similar to the one used estimated that the sample contained a background of (2.00 dz 0.20)% of T+T" events, acollinearity as for the cross section. 32.382 events were selected. Bv simulat.ion it was since an absolute normalization was not required. \Vith the same cuts on momenta a.nd For the asymmetry measurement, the angular range was extended to 1l°< 0 < 169°d ata of 1990 and 1991.
The systematic error does not include that due to the luminosity and is common to the 0,, : 1.3450 zh 0.0076 (stat.) zh 0.0054 (syst.) nb. the cuts on momenta and acollinearity given above was found to be the events in which the negative muon was in the angular range 20°< 9 < 160° and with After subtraction of backgrounds and correction for inefficiencies, the cross section for but outside the limits allowed for selected events, and was found to be (0.15 zh 0.05)%. ground was determined by studying events which originated close to the interaction point, ground. lt was found to be (2.00 zh 0.20)% in the selected sample. The cosmic ray back generator, and also by studying variables in the data which are sensitive to this back T+*r` background was determined from Monte Carlo simulation using the KORALZ [8]
The significant backgrounds were from the T+T` final state and from cosmic rays. The (99.87 dz 0.08)%. efficiency was computed by comparing sets of independent triggers and was found to be event selection and identification probability was found to be (94.63dz0.30)%. The trigger The muon identification efficiency was determined directly from the data. The overall by the study of a sample of simulated events produced using the DYMU3 [14] generator. selection due to the tracking detectors was estimated from the data itself, supplemented The systematic error includes effects due to the LEP energy and the t-channel subtraction, A §B (s-only) : 0.0206 i 0.0079 (stat.) 1 0.0030 (syst.). 44°< 9 < 136° was deduced to be the electron be in the acceptance, the s-channel e+e` asymmetry in the angular range Correcting for the t-channel and interference effects, and for the requirement that only the selection efficiencv. defined as the number of events selected divided bv the total OCR Output TPC and a small smearing of the Monte (tarlo momentum and HPC energy distributions. imperfect modelling of the loss of charged particles in the azimuthal dead regions of the produced using the KORALZ [Sl generator. After applying a small correction for the The tau pair selection efficiency was determined from Monte Carlo simulated data asvmmetrv measurement. average interaction point. A total of 16,919 events were selected for the cross section and events were removed with tight cuts on the impact parameters of tracks relative to the decays, two-plioton events, ,u+,u' and c+< ` events. Cosmic ray, beam-gas and beam»wall These cuts efficiently removed most of the potentia.l backgrounds from hadronic Z0 c+c"--> c+e_ events from the tau pair sample. data because the radial momentum selection was no longer effective in eliminating the be less than 0.6. This requirement was more severe than in the analysis of the 1991 boundary then the radial energy was required to be less than 0.9, otherwise it had to extrapolated trajectories of both these particles was more than 1.5° from the nearest where a substantial fraction of the deposited energy was lost. If the entry point of the to the boundaries between adjacent HPC modules (at intervals of 15° in azimuthal angle), selection depended on the proximity of the highest momentum particle in each hemisphere the momentum spectrum of high energy electrons in the detector. The radial energy of the background from e+e` --> e+e` events due to the difficulty in precisely simulating described in the Section 5.2 above. This removes a systematic bias in the determination at least one of the hemispheres satisfied very similar muon identihcation criteria to those was consistent with being a muon pair by requiring that the highest momentum particle in momentum had only to be less than unity (as in the analysis of the 1991 data) if the event maximum allowed value which depended on several other features of the event. The radial direction of the thrust axis in each hemisphere) were both required to be less than some deposited in the electromagnetic calorimeters inside a 30° half-angle cone around the radial energy Emd (defined as Emd : + Eg/Ebeam where E1 and E2 are the energies P2 the momenta of the highest momentum charged particle in each hemisphere) and the The radial momentum variable Pwd (defined as Pmd : \/P? + P3/Pbeam, with P1 and the conversion pair tracks were replaced with a photon of the appropriate energy.
pairs which satisfied the charged particle multiplicity and jet isolation requirements after which converted before the TPC. The effect of this was to increase the number of tau detector simulation. A new feature of this analysis was the reconstruction of photons 88°< 9 < 92°, where the track reconstruction efficiency is not well modelled by the momentum particle in both hemispheres were reconstructed in the polar angle interval at least one of the event hemispheres. Furthermore, events were rejected if the highest lie in the polar angle interval 43°< 9 < 137° as did the highest momentum particle in isolated jets. The thrust axis, computed using both charged and neutral energy, had to below. The events were required to be of low multiplicity and to consist of two well sample described in reference [2) but with several important changes which are described
The selection of tau pair candidates followed quite closely the analysis of the 1991 data section in 4rr solid angle was found to be After subtraction of the backgrounds and correction for selection efficiency, the cross systematic error on the cross section was 0.63%. ror on the cross section due to the background subtraction was 0.26% and the overall The residual cosmic ray background was estimated to be (0.11 i 0.05)%. The total er with the dominant contributions coming from e+e` -> e+e"e+e` and e+e` -> e+e`,a+,at au pair sample. The non-resonant 2-photon background was estimated to be 3.3;t0.9 pb, observed to be (1.14j;0.15)%, (0.46;b0.07)% and (0.84:1:015)% respectively ofthe selected simulated data the resonant backgrounds from e+e', ,a+,a' and hadronic iinal states were of ref [10] for the two-photon processes. By applying the tau pair selection cuts to the [9] (e+e'), DYMU3 [14] (a+a'), JETSET 7.3 Parton Shower [7] (qq) and the generator account in these computations. The background samples were generated with BABAMC rections and smearings to the Monte Carlo samples described above were taken into All backgrounds were estimated using Monte Carlo simulations. The various cor determination was 0.58%, which includes the Monte Carlo statistical error.
in the event generator. The total error on the cross section from the selection efficiency of identifying converted photons, and the tau polarisation and branching ratio values used sources of systematic errors are the choice of the radial impact parameter cuts, the effect the HPC energy response and the radial momentum and energy cuts. Other smaller efficiency are the TPC track loss correction, the smearing of the Monte Carlo momentum,
The most significant contributions to the systematic error on the tau pair selection by examining a set of independent trigger components and found to be (99.98 :1; 0.01)%. quoted is solely due to the Monte Carlo statistics. The trigger efficiency was calculated number of tau pairs generated in 4rr solid angle, was (48.01 :1; 0.16)%, where the error AQ.,} : 0.0175 dz 0.0037 (slut.) i 0.0025 (syst.), OCR Output range, the asymmetry is found to be account the fraction of OW ` events in the 1--1 topology. (Yorrecting to the full angular due to the t-channel contribiition in ¢+e` was estimated as in Section 5.1, taking into corrections were applied for cosmic ray a.nd two-photon backgrounds. The asymmetry 50,356 events was ob1ained. The asyninietry was computed by the counting method and 1-1 topology, and having two particle tracks of opposite charge were used. A sample of l*`or the deterinination of the forward-backward asvnnnetrv, onlv the events of the data of 1990 and 1991.
The systematic error does not includes that due to the luminosity, and is common to the al : 1.4938 zh 0.0059 (stat.) dz 0.0045 (syst.) nb.
cross section for one flavour was found to be over 477* solid angle:
After subtracting backgrounds and correcting for selection efficiencies, the s-channel
The corresponding uncertainty was estimated to be dz0.05%. that described in Section 5.1, taking account of the fraction of e+e" events in the sample.
The t-channel contribution in the e+e" channel was subtracted in a similar manner to from hadronic decays was estimated to be (0.14 zh 0.02)%.
photon processes within the acceptance was found to be 5.8 dz 0.3 pb and the background The other backgrounds were estimated from simulated samples. The cross section for two distribution of impact parameters within the data and was found to be (0.52 i 0.03)%. cesses and from hadronic decays. The cosmic ray background was estimated from the The significant sources of background were from cosmic rays, from tw0-photon pro selected sample. lt was found to be (99.95Jjgj?g)%. region. Both of these effects were measured from the data using events identified as being regions of the TPC, and failure to reconstruct a particle passing through the sensitive determined principally by two sources: loss of those particles passing through insensitive For e+e" and ,u+,u' within the accepted polar angle range, the selection inefficiency was required to have momentum greater than 3 GeV. A total of 65,200 events was selected. the other hemisphere, was required to be less than 20° and one particle in the event was defined by the isolated track and the resultant momentum of the group of particles in one charged particle, and the other between 1 and 5 charged particles. The acollinearity, in the polar angle range 43°< H < 137°. At least one hemisphere was required to contain 2 and 6 charged particles with momentum greater than 0.2 GeV, with at least two lying procedure was the same as for the 1991 data, that is, events were required to have between to provide a cross-check on the leptonic analyses described above. The event selection
As in our previous analysis [2] The cross section and forward--backward asymmetry results for the leptonic channels Ilncludes the uncertainty due to the t-channel subtraction. luminosity is not included in the above numbers. specihcally to analysis method 2. The total systematic uncertainty of dz0.46% in the and the leptonic forward-backward asymmetries for the 1992 data. The e+e" data refer tances, backgrounds and systematic errors in the hadronic and leptonic cross sections, Figure 4 where the allowed regions of A §Bj and These fit parameters are in good agreement with the hypothesis of lepton universality cients for the parameters ofthe 9-para1neter fit are given in Table 2. where gy, and gAf are effective vector and axial-vector couplings. The correlation coeffi 
